Abstract
Introduction
Impaired health resulting from whatever source presents challenges to individuals and societies. These challenges can be presented in terms of an economic burden -costs and disutilities -that arise from the experience of and efforts to manage or resolve the health issue. Examining this burden can help us understand the magnitude and distribution of the burden within society, how it might impact different agents, and what impact particular resource allocation decisions might have on these. An examination of the burden associated with impaired health can throw into sharp relief the interconnectedness of different budgets, for example, and how attempts to effect savings in one area can have unintended and potentially greater consequences in others.
The study of economic burden has become increasingly popular in the health and health economics literatures. Figure 1 , for example, shows the trend over time in the number of academic papers located using a popular search engine in health sciences (PubMed) using the search term "economic burden." As shown, the number has risen almost exponentially over time. In part, their popularity reflects the insights they can afford into issues of cost, disutility, and the distribution of these within society. In part, too, their popularity reflects their usefulness in drawing attention to specific conditions/diseases among policy makers, with a view to increasing the priority afforded them in resource allocation decisions. As healthcare budgets have come under increasing pressure and competition for resources increases, so too has the importance of -garnering the attention of policy makers; it is perhaps unsurprising, therefore, that efforts to gain their attention using such studies has also increased.
Economic burden can be broken down into 2 parts: (i) a financial element -sometimes referred to as cost-of-illness; and (ii) a nonfinancial element. The latter refers to the disutility associated with lost health-related quality and quantity of life occasioned by a condition. It is possible in principle to monetise such disutility. Preference elicitation techniques, such as contingent valuation and discrete choice experimentation, plus revealed preference techniques, such as hedonic pricing and travel cost analyses, offer methods by which this may be achieved. Alternatively, thresholds used in health technology assessment -notionally reflective of societal willingness to pay for a given amount of health, such as a quality adjusted life year -can be used for this, adopting what is sometimes referred to as a net monetary benefit approach to the valuation of disutility. However, such approaches tend to be rarely used in burden of illness studies; disutility is more readily reflected and understood with reference to measures of morbidity and mortality associated with a specific condition.
Financial costs can also be separated into 2 parts: (i) those related to use of services: health, social and personal services associated with treatment/management of the condition; and (ii) non-healthcare-related costs associated with, for example, lost production arising from absenteeism, early retirement, and premature death, which may arise as a result of the condition. Within publicly funded healthcare systems, there is an understandable focus on the financial burden that the condition's management typically generates for services and, in particular, those for which state agencies are responsible either for funding or providing. It is clear that a condition can have significant financial costs; for example, among unpaid carers or in budgets not directly related to health, such as -education (1) (2) (3) (4) .
The economic burden of hearing impairment is a -relatively neglected area of research. While a large body of research has examined the association between hearing impairment, falls (22), mental health, mortality, and cognition, compared to many diseases relatively few studies have examined the economic burden associated with hearing impairment from a societal perspective (14, 3) and a smaller number of these studies have been subject to peer review (5) (6) (7) (8) . A few studies have examined aspects of economic burden related to hearing impairment, though these have tended to be confined to particular population subgroups defined, for example, by age (9) or role-specific causes, such as disease (10) or noise (11) . The difficulty with such approaches is that either important aspects of economic burden may be omitted because they are not relevant to the population studied; or, in focusing on the role of specific causes, they ignore large sections of society that may experience impairment but not as a result of these causes.
Only 4 studies that we are aware of have examined the relationships between service use and hearing impairment (12, 8, 5, 6) . The broad consensus among these is that hearing impairment is associated with additional healthcare expenditures. Foley et al (13) , for example, estimate for those aged 65 and over the additional healthcare costs are roughly $392 per person (2012 prices). Among these -those that allowed a comparison with other aspects of burden (8, 12, 15) whose analyses adopted a lifetime approach to costs -it is clear that direct medical costs are modest relative to other aspects of disease burden. Both Mohr et al (11) and Honeycutt et al (13) , for example, suggest that approximately 70% of costs are related to productivity losses, roughly 7% (8) being related to direct medical expenditure. A more recent study estimated the economic burden related to disutility associated with hearing impairment in France using epidemiological data, the impact of hearing impair- Fig. 1 . The blue line represents the trend over time in the number of academic papers located using a popular search engine in health sciences (PubMed) using the search term "economic burden." ment on quality of life, and the notional value of a willingness for pay for health-related quality of life (14) .
To the best of our knowledge, no comparative analyses of the economic burden of hearing impairment as it is experienced in different countries have been undertaken using the same methodology. In this paper we have built on work undertaken by O'Neill et al (3) , which examined the association between hearing impairment and healthcare use in the UK. We examined the association between healthcare use and hearing impairment in 14 European countries; we compared countries in terms of the additional service use related to hearing impairment and relative to other commonly reported health conditions.
Methods
Data were extracted from the most recent wave of the Survey of Health Ageing and Retirement in Europe (SHARE) undertaken in 2013. In brief, this is a survey on the physical and psychological health, socio-economic status, demographic characteristics, and social and family networks -support of about 123,000 individuals aged 50 and over and their partners. The survey was undertaken in a number of -European and surrounding countries; in 2013 these comprised Austria, Germany, Sweden, the Netherlands, France, Spain, Denmark, Italy, Switzerland, Estonia, Luxembourg, Belgium, the Czech Republic, Slovenia, and Israel. Further details of the survey, the sampling approach, the response rates, and the questionnaires are available from SHARE (24). Aspects of the survey are panel in nature and linked in terms of timing and scope with similar surveys undertaken in the USA, PR China, England, Japan, Brazil, and South Korea.
Data extracted for analysis included details of each respondent's age, gender, education, marital status, country of residence, use of healthcare services, and health status. Health status was captured in a series of conditions/ events the individual is asked if they had experienced. In total, 16 conditions were identified explicitly, including diabetes, hypertension, stroke, heart attack, cancer, epilepsy, emotional problems (including anxiety and depression). A full list is presented in Table I . In addition, individuals were asked if they experienced problems with near or far vision and (separately) if they experienced hearing impairment.
Use of health services related to primary and secondary care were also gathered. The specific questions asked are detailed in Appendix 1. In respect of both primary and secondary care, the interval to which use relates is the previous 12 months. In respect of primary care, the question does not permit the identification of, for example, visits to the -General Practitioner's office as opposed to consultations with a -Practice Nurse or telephone consultations, but rather simply the total number of consultations. In respect of secondary care, the survey question (also reported in Appendix 1) identified the number of nights spent in hospital; no data on outpatient or day-case use were available.
Poisson regression models were used to analyse the relationship between the number of visits/number of nights in hospital and hearing impairment controlling for a number of covariates. The Poisson model was chosen because of its usefulness in analysing count data. Covariates controlled for were a dummy variable for each of the other conditions the individual reported having (1 if present; 0 otherwise) age (in years) and age squared to allow for nonlinear relationships, gender (1 if male; 0 otherwise), marital status (married or living together as such, separated/ divorced, never married, or widowed in each case as a dummy variable equal to 1 or 0 as relevant), and years of education. Separate models were estimated for primary and secondary care use in respect of each country. The analysis was conducted using STATA14.
Three confirmatory analyses were undertaken. In the first, reported in Appendix 2, comorbid conditions were entered in the model as a count rather than as a set of dummy variables to ascertain if the relationship between hearing impairment and service use remained robust. In the second analysis, IV Poisson models were estimated in which hearing impairment was treated as endogenous with the count of comorbid -conditions. The instruments used to estimate hearing impairment were the extent to which natural teeth had been artificially replaced (totally, partially, or not at all); the age at which the respondent's mother and father died (an integer); whether the respondent had been unable to see a doctor in the past 12 months because the waiting time was too long (yes or no); whether the respondent had been unable to see a doctor in the past 12 months because the cost was too high (yes or no); whether the respondent had supplementary health insurance (yes or no); how much the respondent paid for medicines (prescribed and over the counter) in the past 12 months; whether the respondent was born in the country of the survey (yes or no); how good the respondent's self-assessed near vision was (a 5-point Likert scale ranging from excellent, very good, good, fair to poor); and the respondent's gender (male or -female). The variables were selected based on the hypothesis that they captured aspects of need whether met or unmet. Given the additional number of variables required in the analysis, increased issues and instances where there were missing values, functions were estimated in respect of a pooled sample across countries that provided larger samples; specifically Belgium, the Czech Republic, Denmark, Holland, Italy, Germany, Slovenia, Spain, and Sweden. These results are reported in Appendix 5. In the third confirmatory analysis, the original models estimated for each country were reestimated using backwards elimination to identify a reduced set of significant covariates (Appendix 6).
Results
Summary statistics by country in respect of the sample used in the main regression analyses are detailed in Appendix 2. In a number of instances, data on socio-economic variables (e.g., education, marital status, and in respect of healthcare service use) were poorly reported. Consequently, the usable sample was often quite small. This was seen to particularly affect a number of countries, such as Switzerland and France (e.g., see the sample size for regressions in Tabs. III and Supplementary Table 1 ). The potential impact of this on the results is discussed below.
In Table II , the correlation between hearing impairment status and a range of conditions included in Table I are shown. Hearing impairment is significantly and positively correlated with many of these conditions, including emotional issues, Alzheimer disease, heart attack, stroke, and hypertension, though the correlation is relatively low in absolute terms. As the data are crosssectional in nature these cannot be interpreted as causative relationships.
In Supplementary Tables 1 and 2 (see Appendix 3 ) the marginal effects from a series of regression analyses on the use of primary and secondary care services are detailed by country. The marginal effects with respect to hearing impairment are reported separately in - Table III for those countries where the sample size was thought to be sufficient for meaningful analysis. As noted, given the nature of the dependent variables, count models -specifically Poisson models -were used. The marginal effect in these shows the additional number of visits/night that were incurred associated with impaired hearing. In each case, the marginal effect shows the impact on service use of hearing impairment where other variables are held at the -respective sample mean for that country's sample. As shown, with the exception of those countries in which the sample size fell below 300 and Denmark in respect of secondary care, the impact of hearing impairment is uniformly to increase both primary and secondary care use, though the extent to which care use is increased varies between countries. In the first confirmatory analyses reported in Appendix 4, while the magnitude of the marginal effect changes, the sign of estimate and significance of the relationship between hearing impairment and service use is Five of the countries examined in this study exhibited low response rates in respect of important sociodemographic information, such as years of education, age, or marital status: France, Switzerland, Austria, Estonia and Luxembourg. For example, in respect of France, while 4,506 individuals were included in the SHARE sample, only 523 provided details of their marital status and only 215 provided details of their years of education. It is unclear why response rates should vary across countries, but that it might impact on sample representativeness and the validity of inferences drawn is clear. In respect of these countries, we thought the usable sample was reduced to such an extent that legitimate questions as to how representative the remaining sample was of the overall sample could be raised. While results for these countries are reported in the tables, for completeness no inference is drawn from them as to the nature of relationships between service use and hearing impairment.
With respect to the remaining 9 countries, the comparative analysis shows (with the exception of Denmark in respect of secondary care) a consistent pattern across primary and secondary care in which hearing impairment is associated with increased service use. The amount by which service use increased in the presence of hearing impairment, controlling for a range of covariates, including age and other measures of health, clearly varies between countries. However, it is important to examine the additional service use with respect to primary and secondary care together as well as separately to obtain a fuller appreciation of the factors that might -underlie these relationships. Taking both primary and secondary care together, the combined marginal effects from the 2 regressions (i.e., additional service use) on hearing impairment were between (approximately) 1.4 and 1.8 in respect of -Belgium, the Czech Republic, Germany, Italy, the Netherlands, and Slovenia. In the cases of Spain and -Sweden, the combined marginal effects were 0.66 and 0.93, respectively. In the case of Denmark, while those with hearing impairment used on average 1.25 more primary care visits, they used 0.46 fewer secondary care visits -an issue that we return to below.
Neither differences in overall healthcare spend -measured in terms of U.S. dollars adjusted for purchasing par parity -nor the percentage of gross domestic product (GDP) spent on healthcare offer consistent explanations for the pattern of resource use observed in respect of both primary and secondary care combined. While, for example, Slovenia had a healthcare spend of $2,595 USPPP adjusted per person (approximately 9.2% of GDP) in 2013 (24), and Sweden a spend of $4,244 USPPP adjusted per person (approximately 9.7% of GDP) also in 2013, Slovenians with a hearing impairment -relative to those without -undertook more visits to primary and secondary care physicians than their counterparts in Sweden. Similarly, while the percentage of GDP spent on healthcare is lower in Italy ($3,126 USPPP adjusted) than Sweden, again visits to primary and secondary care physicians relative to those without a hearing impairment were higher than those exhibited in Sweden.
Some insight into the pattern of service use may be offered through an examination of how hearing impairment is managed across countries. Of the countries included in this analysis, Godinho (25) provides figures for sales of hearing aids per thousand of the population: Spain (2.81 per 1,000), Italy (4.69), Belgium (6.67), Germany (10.84), and Denmark (22.40). The author also offers figures on the number of persons fitted with hearing aids per 1,000 of the population: Italy (2.81), Germany (4.93) and Denmark (12.17) , as well as the percentage of persons with hearing loss who received bilateral fitting in Italy (44%), Germany (76%), and Denmark (84%). While incomplete both in terms of the countries covered and the detail provided (how good the hearing aids on offer were, what compliance was, etc.), a correlation with healthcare use is evident. Relative to the other countries, Denmark clearly enjoys superior access and -with the exception of Spain -lower levels of total additional service use. A rank ordering in terms of sales per 1,000 inhabitants and total service use, for example, is evident between Denmark, Germany, and -Belgium. While Italy has a lower total service use than Belgium or Germany, its operation of a gatekeeping system to secondary care (which is argued to provide for more efficient use of care services) may, in part, explain this, though it is important not to over-interpret results. It is unclear why Spain should have much lower additional service use patterns. Of the western economies included in the analysis, even though per capita expenditure on care is lowest in Spain ($2,846 [USPPP adjusted] compared with $4,526 for Belgium, $4,812 for Germany, $4,552 for Denmark, $3,126 for Italy, $5,601 for Holland, and $4,244 for Sweden), it is still higher for those in Slovenia ($2,595) and the Czech Republic ($1,982), where higher additional service use is recorded.
As noted, it is important to consider both total additional use and use at different levels of the service to obtain a fuller appreciation of the factors underlying service patterns. With respect to the distribution across primary and secondary care sectors, a relatively clear and consistent pattern of service use is evident. In those countries where primary care physicians act as gatekeepers to secondary care (Spain, Italy, Holland, Slovenia, and Denmark) the marginal effect (i.e., the additional service use) associated with hearing impairment in primary care is higher than that associated with secondary care. In contrast, in those countries where there is no gate-keeping role for primary care, either the marginal effect in secondary care associated with hearing impairment is higher than in primary care (Czech Republic, Germany, Sweden) or the difference between primary and secondary care is modest (Belgium). This pattern is entirely consistent with primary care physicians ensuring more efficient use of what are generally more expensive secondary care services through appropriate referral systems, though other explanations may exist.
Our analyses show, consistent with O'Neill et al (26), that hearing impairment is associated with the additional use of healthcare in the clear majority of the countries examined. This is borne out by confirmatory analyses reported in Appendix 4, 5, and 6. Our comparative approach demonstrates the consistency of experience in this regard; however, importantly, the variation in experience between countries provides valuable potential insights into how such demands might be managed. Clearly, where primary care acts as a gatekeeper to hospital services, the extent of the increase in use of hospital services -often more expensive than those in primary care -are reduced. It is also clear that where access to hearing-assistive technologies is greatest, the impact of hearing impairment on health service use is also reduced. In this respect, the case of Denmark is perhaps instructive where the use of inpatient services by respondents with a hearing impairment is actually less than that (other variables controlled for) of those without a hearing impairment.
It is difficult to discern a clear pattern in the relative size of the marginal effects reported in Table III and  Supplementary Table 1. -Frequently, the additional number of visits associated with hearing impairment is about half that associated with diabetes in primary care, for example. However, as is clear from the experience of Germany and Italy, the relative size can be higher or lower. This is similar to inpatient services where, again, the size of the marginal effect for hearing impairment vary relative to other conditions.
There are a number of limitations to our analysis. The reduced sample size in respect of a number of countries renders us mute in respect of the relationship between hearing impairment and health service use in these instances. That the experience in these countries may be consistent with that reported here for other countries remains plausible. We were not able to observe how severe hearing impairment is in the case of those reporting a hearing impairment or how this might vary between countries. While there is every reason to believe that self-reported hearing impairment would be positively correlated with objectively measured hearing levels, different thresholds of measured impairment may operate in different countries before self-reported impairment is triggered (or vice versa). A lack of precision also exists with respect to several of the independent variables in our analysis. For example, in relation to Alzheimer disease, the wording of the survey also refers to dementia, organic brain syndrome, senility, or any other serious memory impairment. Not only is this broad, but also one must remember that the responses are self-reported. Consequently, there may be some degree of measurement error, collinearity, and possible endogeneity in respect of several conditions. However, outside of a large prospective panel survey with lengthy follow-up in which objective measures of disease severity were made, data limitations are inevitable. That our results remain robust across confirmatory analyses offers some reassurance in respect of our conclusions as well as helping to frame a future research agenda in this area. Ultimately though, our analysis points to an association between service use and hearing impairment although there is some uncertainty as to the precise magnitude of the association. It is a limitation that we have been unable to disaggregate service use further within primary care or to examine the relationship between hearing impairment and other services, such as outpatient care.
We chose not to pool data across countries in an attempt to estimate a model in which the role of such variables could be examined using multilevel modelling. It could be argued that not exploring the role of such variables within a pooled sample using such an approach is a limitation of our study. The use of multilevel models where the number of countries involved is small has received recent attention in the literature (2) . For nonlinear models, such as those used here, it has been argued that 30 countries or more are required for the production of reliable estimates. The number of countries available in this study was considerably less than this. Were we to include additional data (e.g., access to hearing assistive technology), the number of countries in the analysis would be further reduced. In these circumstances, it is unclear how informative the production of estimates from a multi-level model would be even for comparison with those produced. As the separate analyses of individual countries presented in the paper provides insight into the role of hearing -impairment, as well as variations in that role between countries, it was decided not to add this additional layer of complexity to our results -though it is an issue that could be explored in further research.
Hearing impairment is generally associated with the increased use of primary and secondary healthcare services when other aspects of health have been controlled. The additional use is likely related to health problems occasioned as a result of impairment. Where access to hearing assistive technologies are greatest (Denmark), the use of services by the hearing impaired not only is seen to be less than elsewhere, but also is less than that among those with normal hearing in the case of hospital services. This suggests that expanded access to services may have a role in reducing the burden of illness associated with hearing impairment. This and the impact of system structure, particularly those that afforded primary care, on the burden of illness associated with hearing impairment warrant further investigation. The summary statistics by country for the regression sample. In Figure 1 , the blue line represents the trend over time in the number of academic papers located using a popular search engine in health sciences (PUBMED) using the search term "economic burden".
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